INTRODUCTION
Considerable knowledge is available on the nutritional advantages (14) and immunological protection provided by breast milk (5) (6) (7) (8) (9) , the psychological benefits of breast-feeding (10) (11) , the relationship of breast-feeding and suckling practices to reproductive endocrinology and the social and health consequences for the family and the community of close birth intervals (12) (13) (14) (15) .
Prolonged breast-feeding has been the only means of infant feeding until recently in poor socio-economic groups of developing countries, and it is still the most prevalent infant-feeding method in the world (16) . Nevertheless, there is an obvious trend towards decreased breast-feeding throughout the underdeveloped countries of the world, especially in urbanizing areas. Socio-economic development, rapid urbanization, and participation of women in the work force have all been cited as possible causes for this trend. In addition, the promotion of infant foods and the absence of a firm stand in favour of breast-feeding by the health professionals may also be responsible for this trend (16) .
This paper presents information on the related issues of lactation, breast-feeding, infant nutrition, and maternal nutritional status during lactation on the basis of data from a rural Guatemalan sample.
EXPERIMENTAL DESIGN AND SUBJECTS
The data presented here are drawn from a large longitudinal study of the effects of mild to moderate malnutrition on physical growth and mental development. This research was conducted in four poor rural Ladino* villages in eastern Guatemala (17) . The total population in the four villages was 3,359 in 1975.
The residents in two of the villages received a high-protein high-calorie supplement called atole (6.4 9 of protein and 91 calories per 100 ml), while the residents in the two other villages received a low-calorie supplement called fresco (no protein and 33 calories per 100 ml). In addition, all four villages received preventive and curative medical care services from auxiliary nurses under the supervision of a physician.
Longitudinal collection of nutritional, socio-economic, health, and demographic data on the population began in early 1969. The present paper uses a subset of the study sample comprising all mothers who gave birth between January 1969 and February 1977 and their children up to one year of age. During this period, 1,106 live births occurred in the four study villages. The following data were recorded as described:
The duration of lactation was determined prospectively by monitoring lactation every 14 days in all women in the study population. The length of lactation was defined as the interval (in months) between a birth date and weaning.
Maternal and infant body measurements were obtained at regular intervals (every three months during pregnancy and lactation and at birth, 15 days, and 3, 6, 9, and 12 months of the child's age) by personnel using carefully standardized procedures and calibrated scales. This report presents information on maternal and infant weight and height. In addition, standardization for skeletal size is calculated by multiplying an individual's weight by hp/h, where hp is the age-specific mean height in the population and h is the individual's height.
Supplement intake is expressed in terms of calories, because the usual dietary intake in these villages appeared to be more limited in calories than in proteins. Information on home diet was obtained through a 24-hour-recall survey conducted once each trimester of pregnancy and was summarized as the mean home-caloric intake for the last two trimesters of pregnancy. After March 1974, dietary recall information was also collected monthly for lactating women and infants. The infants' dietary data did not include measurements of breast-milk intake. After March 1974, however, quarterly information on the frequency of suckling was collected.
Information was obtained on maternal morbidity during pregnancy and lactation and child morbidity through fortnightly surveys. The survey was symptom-oriented and utilized retrospective home interviews of mothers. For these analyses, a morbidity indicator combining the percentage of time ill with diarrhoea and other common illnesses is used as a proxy for maternal and child morbidity.
Finally, other variables, including obstetrical experience, family socio-economic status, and father's age and height, are also utilized in the analyses. Table 1 presents the mean daily total energy and protein intake, that is, the sum of home dietary intake and food supplementation for the mother during pregnancy and lactation and for the infant under one year of age, breast milk not included. The energy and protein requirements considered adequate for a moderately active person (18) are also shown in table 1. The data suggest that, for mothers during pregnancy and lactation, energy is more likely than protein to be limiting in the diet of this sample. On the other hand, the likelihood of the diet's becoming protein-deficient increases during the first months of lactation.
RESULTS AND DISCUSSION
Energy and protein intakes and requirements for infants during the first year of life present a much more complicated issue, since there are no direct estimates of breast" milk ingestion for this sample. Nonetheless, it is useful to review the available information on breastfeeding and lactation in these communities because these data provide powerful I inferential tools.
Patterns of Lactation and Factors Affecting Lactation Performance
Prolonged lactation is common among these women (17.6 + 6.2 [S.D.] months; n = 885). There is a mean difference of 9 months between the length of lactation and the length of the entire birth interval to the subsequent delivery. This indicates that, on average, lactation is extended until or past the next conception in these women; in fact, in 50 per cent of the cases an overlapping period of pregnancy and lactation is observed. Retrospective information on all lactation periods in this population (n = 2,734 periods) indicates that, in addition to pregnancy as a reason for weaning, illness or death of the child is the cause of early termination of lactation in 11 per cent of the cases. All other reasons for weaning, such as absence of milk, advice from health personnel, illness of the mother, "bad" milk, employment of the mother, and child's refusal to breast-feed, account for less than 2 per cent each. Other factors associated with the duration of lactation were also explored. The basic statistical method used was a multiple regression analysis (19) . This procedure is based on a general linear model in which the dependent variable, duration of lactation, is assumed to result from a linear (additive) combination of some independent variables, some of which are discrete and others continuous, and the effect of random error. The independent variables were: (a) nutritional status and dietary intake of mother and infant, anthropometric measurements of mother and infant, and home caloric intake and supplemental calories to mother during pregnancy and lactation and to the infant during lactation; (b) morbidity of the mother and infant; (c) maternal characteristics-parity, birth interval, and age; (d) age and height of the father; (e) socioeconomic level; and (f) the type of nutritional supplement (atole or fresco). Only 17 per cent of the total variance in the duration of lactation was accounted for by this model.
In the same multiple regression analysis, caloric supplementation ingested by the mother during the first nine months of lactation is significantly and positively associated with the length of lactation (slope* = 0.2 months of lactation per 10,000 supplemental calories, p < .01) (19) , and caloric supplementation ingested by the infant during the same period is significantly and negatively associated with the length of lactation (slope -0.6 months of lactation per 10,000 supplemental calories, p < .001), after controlling for all the other independent variables. Furthermore, parity, interval from previous birth, and age of the father are significantly and positively associated with the duration of lactation. The strong intercorrelations between age of the mother, parity, and age of the father explain the association found between age of the father and duration of lactation, while the association between birth interval and lactation reflect the well-known interrelationships between birth interval, length of postpartum amenorrhoea, and duration of lactation in natural fertility populations. In the study population, postpartum amenorrhoea, the more important determinant of the length of the birth interval, has a median value of 14 months and is positively correlated with the length of lactation (r = .58; p < .001). The length of lactation, limited by the next conception and pregnancy in most cases, is therefore strongly dependent upon the length of postpartum amenorrhoea.
Finally, there is a significantly negative association between the socio-economic indicator (a standardized scale summarizing construction materials and number of rooms of the family dwelling) and the length of lactation. This relation indicates that, in spite of the relatively restricted range in socio-economic status of this population, there is a significant trend toward shorter duration of lactation among women from economically better-off families.
Breast-feeding Pattern
Breast-feeding on demand is universally practiced in this population. The infant is usually put to the breast very soon after delivery and remains and sleeps by the mother's side. During the first two to three months of life, the infant's only significant source of nutrients is breast milk. Extensive ethnographic and dietary data collected on this population indicate that by the time infants are three months of age the mother introduces supplementary feeding. The supplementary foods commonly utilized at three months are water sweetened with sugar and other low-calorie beverages. By six months of age, black bean soup, corn tortillas If let cakes prepared by boiling corn in lime water, grinding it into a dough, and cooking it on a metal or clay plate), bread, and weak coffee are introduced. These foods are, in several respects, inappropriate for infant feeding and poor substitutes for breast milk. In addition to their low nutrient content, in most cases they are vehicles for potentially pathogenic agents.
The introduction of supplementary feeding does not result in an important reduction in the frequency of suckling.
FIG. 1. Home Dietary Supplement Intake and Frequency of Suckling during the First Year of Life in Rural Guatemalan Children
As shown in figure 1, at the community level the frequency of suckling is not substantially diminished up to 12 months of age, in spite of a clear trend toward increased energy and protein intake from supplementary food at home. In addition, as presented in table 1, there is a significant increment with age in the amount of supplemental calories ingested by the infant.
By three months of age, the average infant is breast-fed 6.5 + 0.16 (SEM) times during the day and 3.8 + 0.15 times during the night; at six months, the figures are 6.4 + 0.13 during the day and 3.7 + 0.13 at night; at nine months, 6.3 + 0.15 during the day and 3.7 + 0.13 at night; and by 12 months, 6.0 + 0.12 during the day and 3.7 + 0.14 at night.
There is a very high consistency in the pattern of breast-feeding within individuals. Frequency of suckling during the day correlates significantly with frequency of suckling at night for the same infant, at ages 6, 9, and 12 months (r = .199, r = .273, and r = .319, respectively; in all cases p < .001). About 20 per cent of the mothers report that infants three months old suckle too frequently at night to accurately determine the number of times they are breast-fed. Furthermore, the total number of breast-feedings reported by a mother at any one point is significantly correlated with frequency of breast-feeding reported during the following three months (between 3 and 6 months r = .56, between 6 and 9 months r = .59, and between 9 and 12 months r = .54). This clearly indicates that breast milk continues to be an important source of nutrients up to 12 months of age in this population. For the analyses of the determinants and consequences of the frequency of breast-feeding the number of feedings in 24 hours at three and six months of age were divided into terciles. The means of a series of big-demographic and socioeconomic variables were compared for each tercile. Table 2 presents these means, standard deviations, and numbers of cases for each tercile of frequency of breast-feeding. Infants in the lower tercile at three months of age, who were breast-fed less frequently in 24 hours, had higher birth weights and higher weights and lengths at three months than those in the upper tercile. Their mothers also had greater weights after three months of lactation. Total caloric intake was also higher in the mothers and infants in the lower tercile of frequency of breast-feeding than in those in the upper tercile.
The comparison of extreme terciles by way of t-tests indicates that the differences detected in birth weight and length at three months are statistically significant.
As shown in table 2, the tendencies encountered at three months of age are also found at six months, but are statistically significant only for the infant's total energy intake at six months of age. It is interesting to note that the standardized measurement of housing characteristics, which appears significantly and negatively associated with the duration of lactation, is not associated with the frequency of breast-feeding.
In analysing and interpreting these findings, it appears that one of the factors associated with the greater or lesser number of breast-feedings is the nutritional status of the mother and infant. We have postulated the role of nutrition to be as follows: Those mothers who are relatively better nourished during pregnancy and lactation produce a greater quantity of milk, which satisfies the infant's needs more readily than the milk of the more malnourished mothers. Thus, infants of betternourished mothers obtain the quantity of milk they need in fewer breast-feedings, and possibly in less time and with less effort, than infants of more malnourished mothers. Moreover, the supplementary feeding of infants of better-nourished mothers is greater than that of infants of more poorly nourished mothers, so that the former do not depend solely on breast-milk to satisfy nutritional needs. Thus, the infants of relatively more malnourished mothers nurse more frequently in an attempt to satisfy their nutritional needs. One may speculate that if nutritional needs are not adequately satisfied, the infant becomes irritable and cries, leading the mother to put him to the breast. It is common in rural areas to find that mothers put their infants to the breast when they cry in the same way that mothers in more developed or urban areas give their infants bottles and pacifiers to calm them.
If the above interpretation of the data is correct, prolactin levels should be higher in women who are relatively more malnourished than in the better nourished ones, given that the former receive greater nipple stimulation than the latter (14, 15) . This is in general agreement with recently published findings. Therefore, malnourished mothers would have higher levels of prolactin and longer periods of postpartum amenorrhoea than the well-nourished mothers, with both groups having a similar pattern of lactation. Table 3 presents results that partially support this interpretation. As shown in this table, the length of postpartum amenorrhoea in mothers of infants with greater numbers of breast-feedings per day at 3, 6, 9, and 12 months is longer than in mothers of infants in the lower tercile of frequency of breast-feeding. Although there is no information available on the amount of breast milk ingested by these infants, it is clear from table 1 that breast milk must be an important source of energy and nutrients up to 12 months of age, and maybe even longer. Based on the energy requirements per kilogram of weight and the average for different age groups in this population, it is possible to reach a gross estimate of breast milk needed to sustain adequate growth. This estimation was made for this sample and, as also found by others 116, 20), there is an apparent discrepancy between infant growth, infant requirements, and the volume of breast milk produced by the mothers: the actual growth would demand incredibly high breast-milk outputs. We will discuss explanations for this discrepancy below.
Pattern of Growth

FIG. 2. Percentiles of Length and Weight for Guatemalan Boys Aged 15 Days to 12 Months Compared to NCHS Percentiles
FIG. 3. Percentiles of Length and Weight for Guatemalan Girls Aged 15 Days to 12 Months Compared to NCHS Percentiles
As previously mentioned, although no information is available on breast-milk quantity in this sample, data were collected on the home dietary intake and caloric supplementation ingested by mothers during pregnancy and lactation and by the infants. In order to assess the statistical significance of each of these variables in relation to their effect on infant growth, multiple regression analyses were performed 119). In these analyses, the dependent variable was changed in either trimestral infant weight or length (0-3, 3-6, 6-9, and 912 months of age), and the independent variables, specific to the trimester being analysed, were caloric supplementation to the mother and to the infant and all potentially confounding factors for which data were available in this study. Furthermore, in order to control for a particular pattern of growth or nutrient intake, information on incremental weight and length and maternal and infant caloric intake for the previous trimester were also entered in the regression model. The data indicate that infant calorie supplementation before three months of age is significantly negatively associated with infant weight gain; after three months of age, supplemental calories consumed by the infant are significantly and positively associated with infant weight and length gains. In addition, a small positive association was found between maternal caloric supplementation during lactation and infant weight gain during the first two trimesters of life. The negative association between infant supplementation and infant growth could be due to mothers whose infants were not growing adequately beginning to give supplements to the infants earlier than mothers whose infants were growing well. On the other hand, the minimal association found between maternal food supplementation and infant weight gain could be because the amount of caloric supplementation ingested by the mother was relatively low (about 100 calories per day) and not all this extra energy was necessarily converted to breast milk.
In spite of the diminishing contribution of breast milk to the infant's nutrient intake, lactation continues to be an important determinant of infant growth in this population up to 18 months of age. Figure 4 presents the weight-forage adequacy of a cohort of children who were followed from birth to 24 months of age. For each semester, data on children who were still breast-feeding, who were being weaned, and who were already weaned are presented. These data show that up to 18 months of age weaned children weigh consistently less than those who are in the process of weaning, and the latter significantly less than those who continue to breast-feed. These figures also show that growth failure begins before weaning takes place, suggesting the presence of maternal and child factors that may precipitate weaning.
LACTATION AND MATERNAL NUTRITIONAL STATUS
The average daily milk production of women living in conditions similar to those of the women in the Guatemalan sample has been estimated to be approximately 600 ml (21) . To produce this amount of milk, the mother would need about 530 extra kcal from food, assuming an 80 per cent efficiency of milk production (18) . When the estimated extra energy needs of these women are compared with actual intake, it is clear that the estimate is incorrect, unless women utilize stored fat to subsidize their increased demands. We have previously estimated that, during pregnancy, mothers store 1.7 kg of body fat that can be mobilized later to supply a portion of the additional energy required for lactation (22) . Furthermore, the anthropometric data collected during lactation indicate that mothers are losing weight, specifically fat, during the first year postpartum. As shown in figure 5, weight and anterior thigh skinfold measurements increase during pregnancy and decline to initial levels by nine months postpartum. In addition, greater fat reserves are observed in non-lactating than in lactating women (23-24).
FIG. 4. Weight of Children before, during, and after Weaning Compared to NCHS References Standards
FIG. 5. Changes in Weight and in Anterior Thigh Skinfold in Guatemalan Women during Pregnancy and Lactation
Because non-lactating mothers do not lose significant amounts of weight and have higher fat stores than lactating women, it can be assumed that weight loss in lactating women is the result of breast-milk production. On this basis, it is calculated that weight loss (8 9 per day) provides about 70 kcal/day (25) , which represent about 85 ml of breast milk per day at six months of lactation. This is only about 14 per cent of the daily amount of breast milk estimated for this population. Energy for the remaining portion of breast milk, about 515 ml, must be provided by the mother's diet. However, as shown in table 1, the diet of these women is poor, in spite of an observed increase in energy and protein consumption for the period of lactation as compared with the period of gestation. Based on current knowledge, an increase of 200 calories in the mother's diet during lactation represents about 230 ml of breast milk, leaving a shortfall of 285 ml below the 600 ml breast-milk estimate. Table 4 shows the standardized weight changes of mothers during lactation. These women lose about 2 kg of weight between three and 12 months postpartum.
Between three and six months of lactation, mothers lose an average of 240 9 of weight per month; after six months, the trend in weight loss is linear (207 9 per month). As previously indicated, this apparent discrepancy between infant growth requirements and breast-milk output has been reported elsewhere (16, 20) . In the Guatemalan sample, in addition to the quality of the data, which has proved to be highly valid and reliable, other factors need to be taken into account.
First, the possibility has been suggested that the calorie requirements for these infants may be lower than those estimated by FAO/WHO and adopted by the National Research Council (26). Fomon and May's studies of infants who were bottle-fed with breast milk estimated actual consumption to be 94 kcal/kg of weight per day between three and six months of age (27) . Thus, it is possible that our estimated requirements are even higher than the actual intake of well-nourished infants. Second, and more important, only a small fraction of the energy consumed by the infant is utilized for growth after the first trimester of age (28) . When caloric intake is inadequate to meet normal requirements, adaptation could be made by maintaining growth and reducing physical activity (29) . Thus, it would be possible for infants consuming 80 per cent of their requirements to maintain adequate growth rates, in relation to the reference, by markedly reducing their physical activity (30) . This is probably the case in most areas where malnutrition and morbidity are prevalent. Even though breast-milk consumption could be fairly adequate to meet the infant's demands for growth up to three months, and in some cases up to six months of age, there is probably a reduction in physical activity that, in itself, could affect other aspects of infant development. In fact, it is common in rural areas in Guatemala to find children developmentally retarded as manifested by delayed sitting and walking and restricted playing and social interaction patterns.
On the other hand, it is also possible that successful lactation is attainable with energy intakes less than current recommendations (31) or that mothers reduce physical activity during lactation, particularly during the first months after delivery, as a means of increasing energy for breast-milk production.
CONCLUSIONS
Infant growth is frequently used as an indicator of nutritional status of the mother, the family, and the community as a whole. This is particularly useful in rural areas of economically and technically less developed countries, where most growth retardation in children can be attributed to environmental factors (32) and where the prevalence of malnutrition in early childhood is a major health concern. In fact, several growth studies in rural areas of developing countries have shown that there is a clear tendency for children to be smaller at birth and to experience smaller gains in weight and length during the first two years of life than their well-nourished counterparts. in rural areas, breastfeeding is generally on demand and breast milk is the principal or unique source of nutrients for at least the first six months of life. The data presented here indicate that breast milk, as the only food available to the infant, is insufficient to support adequate growth beyond three months of age. The data also suggest that insufficient energy and nutrient intake could impair normal activity even before it affects growth. This is a potentially serious problem that requires further investigation.
On the other hand, the data also show that in the poor study communities, breast-fed infants are heavier and longer than weaned infants up to 18 months of age, indicating that breast milk continues to be an important source of nutrition for these infants. In fact, it has been observed that weaning in Guatemalan children is almost always accompanied by a reduction in weight, irrespective of the age at weaning. In addition, the observation of growth failure before the beginning of weaning at younger ages is very important, as it indicates the presence of maternal and infant factors that precipitate weaning.
The Guatemalan data also show a significant positive association between infant's supplement ingestion and infant's weight and length gains after three months of age. This finding supports the hypothesis that, in this population, some form of supplementation is needed to maintain adequate infant growth.
Finally, the data indicate that maternal nutritional status is significantly positively correlated with the length of pregnancy and with birth weight (33, 34) and that improved maternal nutrition favourably affects infant growth (35) . This suggests that infant growth is dependent not only on breast milk quantity and quality but also on maternal nutritional status before, during, and after pregnancy.
To recommend that maternal nutrition be improved before and during pregnancy and during lactation, that appropriate weaning foods be introduced at appropriate times, and that lactation be prolonged from three to six months is almost equivalent to recommending socio-economic development as a short-term solution for the health problems of developing countries. More realistically, public health professionals should recommend prolonged lactation on demand in rural areas because, under present circumstances, there is almost no adequate alternative for infant feeding. In this context, the exact role of nutrition education in solving the food problems of the world has recently come under the examination of nutrition and development planners everywhere. However, research on nutrition education in developing countries is extremely limited, and its efficacy in changing the nutritional status of people with limited food resources is still questionable.
